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consideration at the hands of engineers. These forces cannot, like the forces in the moving parts themselves, be considered as fundamental, since, except fur the complications involved, it is always possible so to arrange the moving pieces of a machine that their inertia shall cause no resultant disturbance on the whole frame and its supports, the forces being confined to the moving pieces and those portions of the frame which connect them. To accomplish this counterweights have to be employed, and in some cases it would be necessary to add additional moving pieces, the only function of which would be to oppose the inertia of the parts which are necessary for the primary purpose of the machine. When this is done the machine is said to be perfectly balanced. There are, however, many considerations relating to the balancing of machines which have nothing to do with a complete balance, for, as will be presently explained, such a balance is often impracticable.
The general theory of a complete balance involves two conditions : (1) in order that there may be no force to move the frame in any particular direction, or that there may be no tendency to move the centre of gravity of the frame; (2) that there may be no tendency to turn the frame round about its centre of gravity. The condition (1) may be simply expressed. The moving weights must be so arranged that, however the several weights may move, the centre of gravity of the whole system of moving pieces must not change its position during the motion. The condition (2) may also be simply expressed in the language of theoretical mechanics. It is that the moving weights must at no time have any aggregate moment of acceleration about any axis through the centre of gravity. To those who are not familiar with mathematical language, this second condition as thus expressed may not be very intelligible, nor is it easy to express the complete condition in more general language; but as the practical examples are for the most part very simple, it will be sufficient to explain the condition as applied to one of these examples. Suppose the moving parts consist of two equal weights. Then the first condition involves that the accelerations on these weights shall be equal and in opposite directions, i.e., if the acceleration on the one is north, that on the other must be south. But this first condition does not require that the centres of gravity of the two weights shall be opposite one another in the direction of acceleration; this, however, constitutes the second condition. For instance, in the case of a crank shaft in uniform rotation, the centre of gravity of the shaft itself, lying in the axis, will not move; but the centre of gravity of the crank revolving round the shaft will be subject to continual acceleration, directed from the axis. An equal weight fixed at an equal distance from the axis, and on the opposite side to the crank, will suffice to satisfy the first condition, however far along the shaft it may be from the crank ; but to satisfy the second condition, the centre of gravity of the counterweight and of the crank must be in a line